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The fishery and stock structure of Thunnus albacares off Andhra waters along western Bay of Bengal was studied from 
2012 to 2015. The average annual landing of the species during the study period was 5,952 t contributing 32.9 % of the total 
tuna landings. Gill nets contributed 59 % of the catches, followed by hook and lines (34 %). Von Bertalanffy growth 
equation was Lt = 196.35 [1 – e
–0.23 (t+0.0546)] and natural mortality, fishing mortality and total mortality was 0.4, 0.71 and 
1.11 with exploitation ratio of 0.64 and exploitation rate of 0.43. Annual average stock, standing stock biomass and 
maximum sustainable yield were 13,879 t, 8,383 t and 4,653 t, respectively. Yield per recruit and biomass per recruit 
estimated were 2584.7 g and 3640.4 g. The exploitation rate, yield and yield per recruit indicate the stock of T. albacares to 
be overexploited. To sustainably and optimally harvest the species, reduction in the present fishing effort by 60 % is 
necessary, thereby increasing the yield by 35.31 %. With overcapacity in the number of gillnetters and hook and line units 
operating in the waters off Andhra Pradesh, implementation of the recommended fleet size proposed by Central Marine 
Fisheries Research Institute by means of buy-back measures and strict adherence to Minimum Legal Size at harvest would 
ensure sustainable and optimum exploitation of the resource.  
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Introduction 
Tunas are found all over the world in tropical and 
subtropical seas, and are pelagic in nature in open 
waters and mostly inhabit waters above and below the 
thermoclines. In Indian waters, oceanic tuna fishery is 
supported mostly by the yellowfin tuna, Thunnus 
albacares (Bonnaterre, 1788), forming 94.6 % of the 
total catches and the rest is being contributed by the 
skipjack tuna, Katsuwonus pelamis (Linnaeus, 1758)
1
. 
Yellowfin tuna fishery involves both, large Letter of 
Permit (LOP) vessels and coastal fleets using different 
craft-gear combinations with varying specifications. 
The trend in increasing requirement for Sashimi grade 
products from foreign nations, advanced 
methodologies for harvesting the resource, 
improvement in the transportation and storage 
facilities and also, value addition have provided the 
fishermen, the momentum to maximally exploiting 
the resources of yellowfin tuna. The endurance of the 
fishing crafts have been greatly improved with the 
modernization and adoption of innovative fishing 
methodologies. With fishing presently, extending 
beyond our territorial waters, due to improvement in 
fishing efficiency, overall production have greatly 
increased in recent years. 
In Andhra Pradesh, yellowfin tuna is usually 
caught beyond a depth of 200 m. Various crafts and 
gears are operated in Andhra Pradesh coast for 
yellowfin tuna fishing (Table 1). Nearly 1,500 
catamarans operate for tuna fishing along the 
Visakhapatnam coast of Andhra Pradesh, 180 
converted liners (sona boats) operate from 
Visakhapatnam and Kakinada coast and nearly more 
than 800 sona boats operate from south Andhra 
Pradesh using gill nets as the major gear. Catamarans 




With a third of the country’s yellowfin tuna 
landings recorded from Andhra Pradesh, the state 
leads the catches for this species. Fishery for 
yellowfin tuna from Andhra Pradesh was studied for 
the first time, almost a decade back
2,3
. Though several 
changes have occurred in the fishery of yellowfin tuna 
over the last decade, no documentation for the same 
exists. Population structure and stock status of 
yellowfin tuna has been extensively studied around 
the globe for the past three decades
1,4-13
, barring the 
north-east coast of India. In this paper, an attempt was 




made to study the fishery of yellowfin tuna off 
Andhra Pradesh coast along western Bay of Bengal 
and to elucidate its population parameters and stock 
structure for sustainable and optimum exploitation 
and management. 
 
Materials and Methods 
Catch of yellowfin tuna and effort spent in various 
gears was obtained from the National Marine Fishery 
Resources Data Centre of CMFRI, Kochi from 
January, 2012 to December, 2015 from different fish-
landing centres of Andhra Pradesh. Total gear-wise 
landing of tunas was observed and species 
composition was estimated on the observation days 
and was raised for arriving at monthly and yearly 
estimates following the technique of Multistage 
Stratified Random Sampling.  
Random samples, at weekly intervals, were 
collected from various landing centres and length 
measurements (cm) were recorded. Von Bertalanffy 
growth parameters, L∞ (asymptotic length) and K 
(growth co-efficient) were estimated from the catches 
during 2012 to 2015 using the month-wise length 
composition data. The data for each month were 
grouped with a class interval of 2.0 cm and were 
pooled and analysed using the FiSAT software 
(ELEFAN I module) version 1.2.0
14
. Standard 
equations were used for estimating growth 
performance index (φ) and probability and size at first 
capture (Lc)
15,16
.  Age at zero length (t0) was 
calculated
17
 and using, VBGE (von Bertalanffy 




), growth and age 
were determined. The midpoint of the smallest length 
group was taken as length at recruitment (Lr) of the 
catch. Using the equation 3/K + t0
18
, lifespan (tmax) 
was calculated. Employing Pauly’s empirical 
formula
19 
and length converted catch curve
20 
(FiSAT 
software), natural mortality (M) and total mortality 
(Z) was estimated. The difference between Z and M is 
fishing mortality (F). Fishing mortalities for each 
length class was obtained from length structured 
virtual population analysis (VPA) (FiSAT). The ratio 
of F and Z was used to calculate exploitation ratio (E) 
and exploitation rate (U) was estimated as F/Z (1-e
-z
). 
The ratios of Y/U and Y/F (Y is the annual average 
yield in tonnes) was used to calculate total stock (P) 
and biomass (B). Maximum Sustainable Yield (MSY) 
was calculated following the equation proposed by 
Gulland
21
. Beverton and Holt Yield per Recruit model 
was used to estimate at varying F levels, the relative 






The average yearly landing of the species from the 
state was 5,952 t during 2012 to 2015. Total estimated 
landings during the study period were 23,808 t with 
highest catch of 7,239 t in the year 2014. A steady 
increase in the landings was observed with 5,859 t 
landed in 2012; 6,356 t landed in 2013 and 7,239 t 
landed in 2014, respectively after which the landings 
decreased to 4,354 t in 2015. The average 
contribution of T. albacares, Euthynnus affinis 
(Cantor, 1849), Katsuwonus pelamis and Auxis 
thazard (Lacepede, 1800) to tuna landings of Andhra 
Pradesh was 32.9 %, 35 %, 24.9 % and 7.2 %, 
respectively. Gill nets contributed 59 % to the 
yellowfin tuna catch, followed by hooks and lines (34 
%) with a meagre share being contributed by trawl 
nets (4 %) and seines (3 %). Seasonal trend in 
landings are represented in Figure 1. Catch rates in 
gill nets and hooks and lines are provided in Figure 2. 
Growth and mortality parameters of T. albacares 
are illustrated in Table 2. VBGE was Lt = 196.35 [1 – 
e
–0.23(t+0.0546)
] and the size, the fish reached during 1 to 
10 years is presented in Figure 3. With large numbers 
of fishes belonging to 2 year old and 3 year old 
classes in the commercial catches, this age-group 
dominates the fishery in the region. From length 
converted catch curve (Figure 4), instantaneous rates 
 
Table 1 — Crafts and gears operted in Andhra Pradesh for fishing yellowfin tuna 
Type of craft Parameters Specifications 
Mechanized Gill 
Netters/ Hooks  
and Lines 
OAL 14-16  m 
Engine HP 100-180 hp 
Gear carried on board Gillnets (Mesh size of 45 – 55 mm) and Hookand Lines (single hook with numbers 0, 8 and 9) 
Motorized (OBM) 
catamaran 
OAL 7-10 m 
Engine HP 8- 10 hp 
Gear carried on board Gillnets (Mesh size of 45 – 55 mm) and Hookand Lines (single hook with numbers 0, 8 and 9) 
Motorized (IBM) 
catamaran 
OAL 9-12 m 
Engine HP 20 hp 
Gear carried on board Gillnets (Mesh size of 45 – 55 mm) and Hookand Lines (single hook with numbers 0, 8 and 9) 
 




of fishing and total mortalities was calculated as 0.71 
and 1.11. Using probability of capture (Fig. 5), Lc 
(length at first capture) was calculated at 23.99 cm. 
Up to a size of 41 cm, fishes died naturally, as 
indicated by VPA (Fig. 6). After this size, fishes were 
more vulnerable to fishing and hence, fishing 
mortality increased and eventually, at size of 115 cm, 
surpassed natural mortality. Highest fishing mortality 
(1.29) was observed at 159.0 cm size. The average 
fishing mortality during the entire lifespan was 0.29. 
The pattern of recruitment to the fishery followed a 
unimodal pattern. A peak in recruitment was observed 
between April to August generating 79.2 % of the 




Fig. 1 — Average monthly landings (t) of yellowfin tuna in 




Fig. 2 — Average monthly catch rates (kg/unit) of yellowfin tuna 














Fig. 5 — Probability of capture of T. albacares 
 
Table 2 — Growth and mortality parameters of T. albacares 
Parameters  
Asymptotic length (L∞)(cm) 196.35 
Growth coefficient (K) (annual) 0.23 
Growth performance index (φ) 3.95 
Age at zero length (t0) (years) -0.0546 
Lifespan (years) 12.99 
Length at first capture (Lc) (cm) 23.99 
Age at first capture (tc) (years) 0.51 
Natural Mortality (M) 0.4 
Fishing Mortality (F) 0.71 
Total Mortality (Z) 1.11 
Exploitation Ratio (E)  0.64 
Exploitation Rate (U) 0.43 
Length at recruitment (Lr) (cm) 18.95 
Annual number of recruits (millions) 2.30 
 




amounting to 20.85 % of the recruits, followed by 
19.37 % in May.  
 The stock estimates (Y, P, B, MSY, Y/R and B/R) 
of yellowfin tuna caught off Andhra Pradesh coast is 
depicted in Table 3. From yield and biomass curves, it 
is evident that by decreasing the present fishing level 
by 60 % (Figs. 8a & b), yield and yield/recruit could 
be enhanced. With decrease in the present fishing 
effort by 60 %, maximum yield achieved is 8,054 t 
and yield per recruit achieved is 3497.32 g, whereas, 
it is 5,952 t and 2584.68 g at the present fishing level. 
Relative yield would increase by 35.31 % at the 
decreased effort (Fig. 8c). 
 
Discussion 
With traditional fishers venturing into deep sea, 
catches of yellowfin tuna, since 2002 have improved 
in Andhra Pradesh
3
. This coupled with the relatively 
narrower width of the continental shelf, making it 
relatively easier for the fishermen to reach the deeper 
waters for tapping the yellowfin tuna resources off 
Andhra Pradesh coast has contributed to the relatively 
higher landings in the past one and half decade. The 
availability of yellowfin tuna grounds off Andhra 
Pradesh and the ease with which the traditional 
fishers’ capture these species has encouraged 
mechanised sector to convert trawlers into longliners
2
. 
With mechanized sector venturing for fishing tuna in 
the oceans since 2006, catches had increased in the 
region. 
Gill nets and hook and lines are the major gears 
exploiting yellowfin tuna in Andhra Pradesh. The fish 
catch and catch rates (catch per unit effort) 
demonstrated an overall increasing trend in recent 
 
 
Table 3 — Stock estimates of T. albacares 
Parameters  
Yield (t) 5952 
Annual average stock (t) 13879 
Standing stock biomass (t) 8383 
Maximum sustainable yield (t) 4653 
Yield per recruit (g) 2584.68 














Fig. 8 — T. albacares a) Yield and biomass; b) yield per recruit 
and biomass per recruit; and c) Yield relative to present yield - for 
different multiples of F 
 




years, probably due to the increase in efficiency for 
fishing operations. The species composition reported 
was in agreement to the earlier reports
2,3
. In Andhra 
Pradesh, dominance in catches is recorded during 
September to December, with remaining months 
reporting lower but stable catches. This abundance in 
landings during September to December is in 
concurrence to earlier studies
2,23
. The greater catch 
rates from October to December and an increase in 
fishing intensity during January-March period could 
be attributed to the operation of many vessels and 
could also be because of the concentration of more 
forage organisms triggering an assemblage of 
yellowfin tuna during these months
7
.  
Using the marks on scales, vertebrae and other 
hard parts for direct determination of age is not 
reliable for tropical tunas, including T. albacares. In 
this study, the growth estimates have been obtained 
for yellowfin tuna from examination of length-
frequency data collected in the commercial catches. 
As fork length of > 180 cm for yellowfin tuna are 
encountered in the longline and gillnet catches from 
the east coast of India
2,3,9,10
, the present estimate of 
L∞ of 196.35 cm appears to be accurate and realistic. 
Growth coefficient (K) values collected from various 
regions
1,2,5-13 





is comparable with the estimate of 0.23 obtained in 
this study. The life span of 12.99 years recorded is 
also similar to that observed by the above authors. 
However, growth increments (between 3.95 cm 
month
-1
 and 2 cm month
-1 
for one, two and three 
years) were higher than earlier studies
11,13
, and this 
aberration is mostly because earlier studies had 
sampled young smaller individuals’ occurring in 
coastal surface waters.  
An instantaneous rate of fishing mortality of 0.71 
for the species with exploitation ratio of 0.64 is 
suggestive of moderately higher fishing pressure. 
Similar mortality values were obtained in different 
studies by earlier authors from varied regions. Size 
at first capture of 23.99 cm is also in unison to the 
observations of earlier authors
4,8,13
. VPA indicated 
that the mortality up to 41 cm size class was because 
of natural reasons, after which fishing mortality 
increased and surpassed natural mortality at 115 cm 
mid length. Highest fishing mortality was observed 
at 159.0 cm length, which suggested increasing 
exploitation with increase in size of the fish. This is 
quite possible as the gears targeting yellowfin tunas 
are highly selective in nature. With exploitation 
more than maximum possible exploitation and yield 
more than MSY, it can therefore be surmised that the 
stock of T. albacares is over-exploited along western 
Bay of Bengal. Even during the four years of this 
study, the landings showed an increase initially and 
then declined substantially from 2012 to 2015.  
Yield per recruit (2,584 g) and biomass per recruit 
(3,640 g) obtained was comparatively lower than 
previous study
12 
indicating a state of 
overexploitation. For sustainable stocks, it is 
recommended that spawning stock biomass should 
be at least 20 % of virgin biomass. Since this is not 
the case even at current fishing levels, any increase 
in fishing effort would not be sustainable. Since 
decreasing fishing effort for reducing capture of 
species is practically possible in a targeted fishery, 
the only option to conserve the stock is to reduce 
fishing effort by 60 % to increase yield and yield per 
recruit of the species off Andhra Pradesh, Western 
Bay of Bengal.  
With overcapacity in the number of gillnetters and 
hook and line units operating in the waters off 
Andhra Pradesh, implementation of the 
recommended fleet size proposed by Central Marine 
Fisheries Research Institute by means of buy-back 
measures and strict adherence to Minimum Legal 
Size at harvest, which again, the Central Marine 
Fisheries Research Institute had estimated at around 
50 cm Fork Length, would ensure sustainable and 
optimum exploitation of the resource. Also, it is 
worthwhile to mention that since the coastal 
nearshore waters are heavily exploited and there is 
sufficient scope for expansion of the fishery  
and enhancing the exploitation level from the 
oceanic fronts, existing fishing effort in near shore 
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